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We propose leading order α′-corrections to the Poisson-Lie T-duality transformation rules of the
metric, B-field, and dilaton. Based on Double Field Theory, whose corrections to this order are
known, we argue that they map conformal field theories to conformal field theories. Remarkably,
Born geometry plays a central role in the construction.
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Abelian T-duality is an important cornerstone in the
framework of string theory. It is applicable to target
space geometries that possess abelian isometries and a
natural question is if it is possible to extend T-duality
to more general situations. Non-abelian T-duality [1]
arose from this idea and is based on the observation that
the Buscher procedure [2], which describes abelian T-
duality in the closed string σ-model, can be applied to
non-abelian isometries, too. However, there are two ma-
jor obstacles compared to the abelian case. First, the
dual background has a smaller isometry group than the
original one. Hence, it seems in general impossible to
invert the transformation which is crucial to have a du-
ality. Second, it is problematic to extract global prop-
erties of the dual target space. They are for example
required to construct an operator mapping on higher
genus Riemann surfaces [3]. Poisson-Lie (PL) T-duality
arises from an elegant solution to the first problem. It is
based on the seminal observation [4] that both σ-models,
which describe either the target space or its dual, origi-
nate from the same structure, a Drinfeld double. It gov-
erns the Hamiltonian dynamics of the models, and their
equivalence is guaranteed by a canonical transformation.
Remarkably, non-abelian T-duality constraints the Drin-
feld double significantly. But the idea implemented in
[4] works as well without this restriction. Hence, PL
T-duality provides a more general notion of T-duality
whose name originates from the fact that it relates target
spaces that are PL groups. Like abelian and non-abelian
T-duality are only applicable to target space geometries
with isometries, a related notion exists for PL T-duality.
It is based on non-commutative conserved currents on
the worldsheet [4] which generate PL symmetry. De-
spite their intriguing mathematical structure and phys-
ical properties, research activity in σ-models with PL
symmetric target spaces was moderate for almost two
decades. Most arguably because they inherit the prob-
lems on global properties that non-abelian T-duality al-
ready faces. Just six years ago, when their relation to
integrable string worldsheet theories was fully appreci-
ated [5], significant new interest arose. Due to the as-
tonishing success with which integrability was applied in
the AdS/CFT correspondence to explore 4D maximally
supersymmetric Yang-Mills theory in the large N limit
beyond the perturbative regime [6], the demand for new
integrable σ-models is high and a vast new field of appli-
cations opens up for PL symmetry and T-duality.
In this context, a particularly important question is
how PL T-duality is affected by quantum corrections.
They are controlled in string theory by two parameters:
α′ and gS. The former captures the extended nature
of the string and the latter its ability to split. Abelian
T-duality is a genuine symmetry of string theory and
therefore applies to all orders in α′ and gS [7]. For PL T-
duality the situation is more subtle. Because of the noto-
rious problem with higher genus worldsheets, there is cur-
rently not much to say about the fate of gS-corrections.
However, this does not rule out the possibility of extend-
ing the validity of PL T-duality beyond the leading order
in α′. On the contrary, recently computed α′-corrections
of integrable deformations point very clearly in this direc-
tion [8, 9]. Hence, the objective of this letter is to con-
struct leading order α′-corrections to the PL T-duality
transformation rules in a bosonic σ-model and to ar-
gue that they preserve conformal invariance. Key to this
endeavour are three techniques: The formulation of PL
symmetric target space geometries in the framework of
Double Field Theory (DFT) [10], the α′-corrected DFT
flux formulation introduced by Marque´s and Nun˜ez [11],
and finite generalised Green-Schwarz (gGS) transforma-
tions recently presented by Borsato, Lo´pez, and Wulff
[9].
PL T-duality and DFT: Directly at the level of the
metric, B-field, and dilaton, PL symmetric target spaces
might look very complicated. But fortunately, their un-
derlying structure becomes much simpler in the frame-
work of DFT [12], where they are expressed in the lan-
guage of generalised geometry. More precisely, the metric
and the B-field can be unified in a generalised frame field
[13] EA
I on the generalised tangent space. It is governed
by the frame algebra [10]
LEAEBI = FABCECI (1)
2where L denotes the generalised Lie derivative
LEAEBI = EAJ∂JEBI +
(
∂IEAJ − ∂JEAI
)
EB
J (2)
and FAB
C are the structure constants of a Lie algebra g,
generating the corresponding Lie group G. Uppercase,
Latin characters denote doubled indices, running from
1, . . . , 2D. They come in two different kinds: flat indices
ranging from A to H and curved indices starting with I.
Both are related by the generalised frame field. They are
raised and lowered with
ηIJ =
(
0 δi
j
δij 0
)
, ηAB =
(
ηab 0
0 −ηa¯b¯
)
, (3)
and their respective inverses, where ηab = ηa¯b¯ has either
Lorentzian or Euclidean signature. Furthermore, we al-
ways deal with the canonical solution to the section con-
dition ∂I = (0 ∂i).
Frame fields EA
I that satisfy (1), can be constructed
systematically on the coset H\G, if H is a maximally
isotropic subgroup of G [14]. Isotropy is defined in terms
of an O(D,D) invariant pairing 〈· , ·〉 on g. It is equiv-
alent to ηAB, once an appropriate set of 2D linearly in-
dependent generators tA ∈ g is chosen. In this case, we
identify 〈tA, tB〉 = ηAB and define a maximally isotropic
subgroup H as a subgroup of G which has the maximal
number of linearly independent generators that are pair-
wise annihilated by the pairing. Taking into account the
signature of ηAB , it follows that dimH = D. Depending
on G and the pairing, different subgroups (labeled H1,
H2, . . . ) might have this property. This observation is
directly related to PL T-duality because each of them
results in a generalised frame field describing a different,
but still physically equivalent, target space geometry. At
this point, the term duality is slightly misleading because
it implies that there are at most H1 and H2 which is not
true. Thus in general, one might prefer to refer to PL
plurality. There are two major ingredients that enter the
construction of the generalised frame field. The right-
action of G on the coset H\G gives rise to 2D vector
fields kA
i∂i. They furnish the frame algebra
LkAkB
i = FAB
CkC
i (4)
under the standard Lie derivative L. It matches the vec-
tor part of (1) and therefore it is natural to identify
EA
i = kA
i. To complete the construction, we also need
the corresponding one form part [14]
EAidx
i = 〈tA, l〉 − 1
2
〈ιkA l, l〉 − ιkABWZW (5)
with l = m−1dm, m ∈ H\G. In general, it contains a
locally defined B-field which captures the WZW-term of
the underlying σ-model
dBWZW =
1
3!
〈l∧, l ∧ l〉 . (6)
For latter convenience, we parameterise the result in
terms of three quantities: the frame field ea
i whose in-
verse transpose is denoted by eai, the B-field Bij and a
Lorentz transformation Λa¯
b¯ with the defining property
Λa¯
c¯Λb¯
d¯ηc¯d¯ = ηa¯b¯,
EA
I =
1√
2
(
δa
b 0
0 Λa¯
b¯
)(
ebi + eb
jBji eb
i
−eb¯i + eb¯jBji eb¯i
)
. (7)
While eai=e
a¯
i, which gives rise to the metric
gij=e
a
ie
b
jηab, and Bij shape the target space directly,
the role of Λa¯
b¯ is more subtle. In a bosonic σ-model at
the classical level, it is irrelevant. Still, it is crucial for (1)
to hold and we will see that it plays a significant role for
α′-corrections to PL T-duality. Remarkably, the same is
true for the R/R sector of type II superstrings where Λa¯
b¯
already affects the transformation rules to leading order
α′ [10]. Similar to abelian T-duality, the PL T-duality
transformation rules for the metric and B-field can be
elegantly written in terms of the generalised metric
HIJ =
(
gij −BikgklBlj −Bikgkj
gikBkj g
ij
)
(8)
as a coordinate dependent O(D,D) transformation [10].
We construct the latter by assuming that G has at least
two different maximally isotropic subgroups H and H˜
because only then PL T-duality is applicable. For both,
we construct the generalised frame fields, EA
I and E˜A
I ,
to eventually extract
OI
J = EAIE˜A
J . (9)
It mediates the O(D,D) transformation which relates
both PL T-dual backgrounds,
H˜IJ = OKIOLJHKL . (10)
A huge advantage of this approach is that it empha-
sises the invariance of FAB
C in (1) under PL T-duality.
Furthermore, the flux formulation of DFT [15] allows us
to rewrite the low-energy effective action
S =
∫
dDx
√
ge−2φ
(
R+ 4(∂φ)2 − 1
12
H2
)
(11)
and its field equations exclusively in terms of FABC and
FA = 2EA
I∂Id+ E
BI∂IEB
JEAJ (12)
with the generalised dilaton d = φ− 12 log
√
g. It is natu-
ral to assume that since FABC is invariant under PL T-
duality, FA should be, too. Imposing this additional con-
straint fixes the transformation of the generalised dilaton
∂I d˜ = O
J
I∂Jd+
1
2
OI (13)
with
OI = ∂J
(
E˜A
J − EAJ
)
EAI . (14)
3Because OI
J and OI depend simultaneously on the co-
ordinates of H\G and of its dual H˜\G, one might be
worried to end up with target space fields that depend
on unphysical coordinates after the transformation. For-
tunately, for PL symmetric target spaces this situation
is ruled out. It is common lore that it can be very hard
to spot this symmetry directly at the level of the target
space fields. Hence, it is more common to start from the
doubled description in terms of the Lie groupG combined
with the constants FABC , FA and then extract both PL
T-dual target spaces according to the diagram
G, FABC , FA
H\G, HIJ , d H˜\G, H˜IJ , d˜
OI
J , OI
EA
I E˜A
I
.
Particularly interesting are target space geometries
whose metric, B-field and dilaton solve the field equa-
tions of the effective action (11) because they give rise
to conformal field theories (CFTs) on the worldsheet (at
least at the one-loop level). Hence, we conclude that
because the field equations do not change under PL T-
duality, solutions are mapped to solutions and therefore
conformal invariance is preserved. At one loop this state-
ment can be further refined. A CFT can be perturbed by
a relevant deformation which triggers an RG flow from
the UV to either another CFT or a gapped phase in the
IR. PL symmetric σ-models are one-loop renormalisable
[16] and again, their β-functions can be expressed exclu-
sively in terms of FABC and FA [17]. Hence, PL T-duality
does not only preserve fixed points but rather the com-
plete RG flow.
α′-corrected DFT: We will now show how this argu-
mentation extends beyond the leading order of α′. A
major challenge is that beyond one loop, all relevant
quantities like the effective action or β-functions become
renormalisation scheme dependent. Different schemes
are related by field redefinitions. Eventually, this de-
pendence drops out for physical observables but during
all intermediate steps, it is essential to keep track of it.
Consequentially, there is no universal expression for the
four-derivative effective action comparable to (1), but
rather one for every scheme. Popular schemes are the
Metsaev-Tseytlin (MT) [18], Hull-Townsend (HT) [19]
and the generalised Bergshoeff-de Roo (gBR) [11, 20]
scheme. Choosing an appropriate scheme can simplify
calculations significantly. In particular, it affects how
symmetries of the theory are realised. An example is
that while in the MT or HT scheme the action of diffeo-
morphisms and Lorentz transformations is the same as at
one loop, the B-field Lorentz transformations in the gBR
scheme receive a correction. Intriguingly, this correction
is required to facilitate the Green-Schwarz (GS) anomaly
cancellation mechanism for the heterotic superstring.
Because (1) has proven to be a fundamental identity
for all PL symmetric backgrounds, we prefer a scheme
where it still holds unchanged. Furthermore, the effec-
tive action in this scheme should be exclusively captured
by FAB
C and FA like before. Fortunately, a scheme with
exactly these properties exists [11, 21] and we will re-
fer to it as Marque´s-Nun˜ez (MN) scheme. While not
affecting generalised diffeomorphisms, which is essential
to keeping the construction of generalised frame fields
from above applicable, it modifies double Lorentz trans-
formations. At leading order, the latter leave by defini-
tion the generalised metric invariant. This is the reason
why we could safely ignore Λa¯
b¯ in (10). Beyond that
order, it has to be included and results in α′ corrected
transformation rules. More precisely, except for ηIJ , all
quantities will receive α′-corrections. They are labelled
by HIJ = H(0)IJ +α′H(1)IJ +O(α′2). Finite double Lorentz
transformations, also called gGS transformations, are de-
noted by HIJ → HIJ +∆ΛHIJ where
ΛA
B =
(
Λa
b 0
0 Λa¯
b¯
)
(15)
is the parameter of the transformation. For our purpose,
it is sufficient to restrict it to the form of the first matrix
in the generalised frame field (7) and thus set Λa
b = δa
b.
A major challenge is that [11] does not present finite gGS
transformations ∆Λ, but only the infinitesimal version δλ,
with Λ = exp(λ). While it should be possible to formally
integrate δλ, we find it more convenient to make an ed-
ucated guess of how a finite counterpart might look like
and then show that it is compatible with the infinitesi-
mal transformations in [11]. A similar approach allowed
[9] to present finite gGS transformations for the metric
and B-field. However, at this level, the elegant struc-
ture of PL T-duality is not manifest. Hence, we prefer
to discuss doubled quantities, like the generalised metric
or dilaton. Remarkably, their transformation cannot be
written exclusively in terms of ηIJ , HIJ , EAJ and FABC .
It additionally depends on an involution KI
J , with the
leading contribution
K
(0)
I
J =
(−δij 0
2B
(0)
ij δi
j
)
, (16)
which equips the target space with an almost Born struc-
ture [22] (we do not require its integrability).
Finite gGS transformations and PL T-duality: It is
this structure which eventually facilitates to write down
a proposal for the finite gGS transformation of the gen-
eralised metric
∆
(1)
Λ HIJ = K(0)(I|K
(
H(0)KL∆(1)Λ K|J)L + 2∆(0)Λ G|J)K
)
(17)
with
G(0)IJ = −
1
2
F
(0)
IA
BF
(0)
JB
A . (18)
4Here, we adopt the notation of [11] to indicate indices
that are projected by either PIJ =
1
2 (ηIJ −HIJ) as VI =
PI
JVJ or P IJ =
1
2 (ηIJ + HIJ) as VI = P IJVJ . Taking
into account that the generalised frame field transforms
to leading order as EA
I → ΛABEBI , it is straightforward
to obtain
∆
(0)
Λ GIJ = F (0)(I|A
BΘ|J)B
A − 1
2
ΘIA
BΘJB
A (19)
where ΘIA
B captures the left-invariant Maurer-Cartan
form (the invariant left-action is ΛA
B → Λ′ACΛCB where
Λ′A
B is constant)
ΘIA
B = ∂IΛ
C
AΛC
B (20)
with the corresponding Maurer-Cartan equation
2∂[IΘJ]A
B = [ΘI ,ΘJ ]A
B. Note that the proposed trans-
formation (17) guarantees that the algebraic relations
of the Born structure are preserved at order α′. To
explicitly evaluate it, we additionally impose
∆
(1)
Λ KIJ = ∆
(0)
Λ BIJ −K(0)I K∆(0)BKLK(0)J L (21)
with
∆
(0)
Λ BIJ = F (0)[I|A
BΘ|J]B
A + BWZW
IJ
(22)
and
3∂[IBWZWJK] = Θ[I|ABΘ|J|BCΘ|K]CA . (23)
Eventually, we have to show that our proposal for fi-
nite gGS transformations is compatible with the known
infinitesimal results mediated by δλ with the antisymmet-
ric parameter λAB . In order to extract the latter from
the former, the finite transformations are perturbed by
the right action Λ→ Λ + Λλ, which only affects
δ˜λΘIA
B = −∂IλAB − λACΘICB −ΘIACλBC . (24)
The generalised frame field and the projected structure
coefficients FIA
B are invariant under this transformation.
They are rather governed by δ
(0)
λ EA
I = λA
BEB
I which
implies, due to the frame algebra (1),
δ
(0)
λ FIA
B = ∂IλA
B + λA
CF
(0)
IC
B + F
(0)
IA
CλBC . (25)
It is important to keep in mind that this transformation
does not affect ΘIA
B. Hence δ˜λ should be understood
as an auxiliary transformation whose main purpose is to
write the Taylor expansion of ∆Λ around the identity
transformation in the compact form
∆Λ =
∞∑
n=1
1
n!
( δ˜λ)
n∆Λ
∣∣∣
Θ=0
=
∞∑
n=1
1
n!
(δλ)
n . (26)
By taking into account the definition of a finite transfor-
mation as the exponential map of its infinitesimal version,
we are able to read off δλ directly from the leading contri-
bution of this expansion. Additionally, one has to verify
that all subleading contributions match as well. Oth-
erwise, the proposal for ∆Λ would be inconsistent and
should be discarded. Fortunately, both (19) and (22)
satisfy the relation
δ˜λ∆
(0)
Λ − δ(0)λ ∆(0)Λ = δ(0)λ (27)
that implies (δ˜λ)
n∆
(0)
Λ |Θ=0 = (δ(0)λ )n and therefore guar-
antees the correctness of the proposed transformations.
To make contact with the known expressions for δλ in
the literature, we first calculate
δ˜λBWZWIJ = ∂[I|λABΘ|J]BA + ∂[IξJ] (28)
which is only defined up to a shift by a closed two-form.
By the Poincare´ lemma, this two-form is in local patches
exact where it can be parameterised by ξI = (0 ξi).
Equation (28) implies
δ
(0)
λ BIJ = ∂[I|λABF (0)|J ]B
A + (∂ξ)[IJ ] (29)
and ultimately δ
(1)
λ KIJ . Note that in the last term pro-
jections are applied after taking the derivative. This
is important because both operations do not commute.
Contact with [11] is made through the infinitesimal trans-
formation of the generalised frame field
δ
(1)
λ E
A
IE
(0)
AJ = ∂[I|λA
BF
(0)
|J]B
A + (∂ξ)[IJ] (30)
where we extended (3.24) by a compensation B-field
transformation. The Born structure gives rise to
KI
JPJ
K = P I
JKJ
K , KI
J∂J = ∂I and eventually allows
us to establish
δ
(1)
λ KIJ = 2δ
(1)
λ E
A
[I|E
(0)
A
KK
(0)
K|J]
= δ
(0)
λ BIJ −K(0)I Kδ(0)λ BKLK(0)J L .
(31)
Hence, the finite transformation (21) is indeed compati-
ble with the known infinitesimal version. The same ap-
plies to (17), which we rewrite as
∆
(1)
Λ HIJ = 2K(0)(I|K
(
∆
(0)
Λ BK|J) +∆(0)Λ GK|J)
)
(32)
to find
δ
(1)
Λ HIJ = 2∂(I|λABF (0)|J)B
A + 2(∂ξ)(IJ) . (33)
We obtain a match with (3.27) of [11] and conclude our
discussion of finite gGS transformations.
The α′-corrected PL T-duality transformation rules in
the MN scheme arise after (10) is adapted to take into
account the non-trivial action of double Lorentz trans-
formations on the generalised metric beyond the leading
order in α′, namely
H˜IJ = OKIOLJ
(
HKL +∆(1)
Λ˜Λ−1
HKL
)
. (34)
5Like OI
J in (9), the transformation parameter of the gGS
transformation, (Λ˜Λ−1)A
B = Λ˜A
CΛBC , is directly ex-
tracted from the corresponding generalised frame fields.
The generalised dilaton is invariant under this transfor-
mation and thus (13) still applies. This however does not
imply that the dilaton φ is resistant to α′-corrections.
It depends on both, the generalised dilaton and the de-
terminant of the target space metric, and the latter re-
ceives corrections. For completeness, let us note that
the four derivative effective action in the MN scheme is
given in (3.38) of [11]. The field redefinitions which are
required to go to the gBR and the MT scheme can also be
found in this paper (in equations (3.67) and (B.7), respec-
tively). In the presented DFT formulation, it is manifest
that (34) will not change the action nor the correspond-
ing field equations, since both can be exclusively written
in terms of the structure coefficients FAB
C [21]. Hence,
it is guaranteed that two-loop conformal invariance of a
PL symmetric σ-model is preserved. An important but
more subtle question is if this result can be extended to
RG flows between CFTs, like it is possible at one loop.
Here a significant challenge is that the relation between
β-functions and field equations of the effective action be-
comes more and more complicated with increasing loop
order. However, recently presented α′-corrected RG flows
for integrable and PL symmetric η- and λ-deformations
[8] suggest that it is possible to overcome this problem in
the future.
Another aspect that deserved further investigation is
the, at least for us initially surprising, connection to Born
geometry. In contrast to Riemannian geometry where the
Levi-Civita connection is unique, DFT does not possess a
completely determined, torsion-free covariant derivative
which is compatible with both, ηIJ and the generalised
metric. Consequentially, the generalised Riemann tensor
contains undetermined contributions [23]. They drop out
in all physically relevant quantities at the two derivative
level, like the generalised Ricci scalar and tensor. How-
ever, it is not possible to construct the Riemann tensor
squared term that captures α′-corrections of the effec-
tive action directly from the generalised Riemann tensor.
Born geometry already was argued to help to obtain a
unique connection by additionally requiring compatibil-
ity with K [24]. Considering our results, one might hope
that it also gives valuable insights into the generalised
geometry of α′-corrections.
Note added: During the completion of this letter, we
learned of the closely related independent work [25].
Acknowledgements: We thank Daniel Butter and
William Linch for inspiring discussions and Christopher
Pope for comments on the draft.
∗ falk@fhassler.de
† thb@sas.upenn.edu
[1] X. C. de la Ossa and F. Quevedo,
Nucl. Phys. B 403, 377 (1993), arXiv:hep-th/9210021.
[2] T. Buscher, Phys. Lett. B 194, 59 (1987).
[3] E. Alvarez, L. Alvarez-Gaume´, J. Barbo´n,
and Y. Lozano, Nucl. Phys. B 415, 71 (1994),
arXiv:hep-th/9309039.
[4] C. Klimcˇ´ık and P. Sˇevera, Phys. Lett. B 351, 455 (1995),
arXiv:hep-th/9502122.
[5] F. Delduc, M. Magro, and B. Vicedo,
Phys. Rev. Lett. 112, 051601 (2014),
arXiv:1309.5850 [hep-th].
[6] N. Beisert et al., Lett. Math. Phys. 99, 3 (2012),
arXiv:1012.3982 [hep-th].
[7] M. Rocˇek and E. P. Verlinde,
Nucl. Phys. B 373, 630 (1992), arXiv:hep-th/9110053.
[8] B. Hoare, N. Levine, and A. A.
Tseytlin, Nucl. Phys. B 949, 114798 (2019),
arXiv:1907.04737 [hep-th]; JHEP 12, 146 (2019),
arXiv:1910.00397 [hep-th].
[9] R. Borsato, A. V. Lpez, and L. Wulff, (2020),
arXiv:2003.05867 [hep-th].
[10] F. Hassler, Phys. Lett. B , 135455 (2020),
arXiv:1707.08624 [hep-th].
[11] D. Marque´s and C. A. Nun˜ez, JHEP 10, 084 (2015),
arXiv:1507.00652 [hep-th].
[12] W. Siegel, Phys. Rev. D 48, 2826 (1993),
arXiv:hep-th/9305073; C. Hull and B. Zwiebach,
JHEP 09, 099 (2009), arXiv:0904.4664 [hep-th];
O. Hohm, C. Hull, and B. Zwiebach,
JHEP 08, 008 (2010), arXiv:1006.4823 [hep-th].
[13] O. Hohm and S. K. Kwak, J. Phys. A 44, 085404 (2011),
arXiv:1011.4101 [hep-th].
[14] F. Hassler, D. Lu¨st, and F. J. Rudolph,
JHEP 10, 160 (2019), arXiv:1905.03791 [hep-th];
S. Demulder, F. Hassler, and D. C. Thompson,
JHEP 02, 189 (2019), arXiv:1810.11446 [hep-th].
[15] D. Geissbu¨hler, D. Marque´s, C. Nun˜ez, and V. Penas,
JHEP 06, 101 (2013), arXiv:1304.1472 [hep-th].
[16] G. Valent, C. Klimcˇ´ık, and R. Squellari,
Phys. Lett. B678, 143 (2009), arXiv:0902.1459 [hep-th].
[17] K. Sfetsos, K. Siampos, and D. C.
Thompson, Nucl. Phys. B 827, 545 (2010),
arXiv:0910.1345 [hep-th].
[18] R. R. Metsaev and A. A. Tseytlin,
Nucl. Phys. B293, 385 (1987).
[19] C. Hull and P. Townsend,
Nucl. Phys. B 301, 197 (1988).
[20] E. Bergshoeff and M. de Roo,
Nucl. Phys. B 328, 439 (1989).
[21] W. H. Baron, J. J. Ferna´ndez-Melgarejo,
D. Marque´s, and C. Nun˜ez, JHEP 04, 078 (2017),
arXiv:1702.05489 [hep-th].
[22] L. Freidel, R. G. Leigh, and
D. Minic, Phys. Lett. B 730, 302 (2014),
arXiv:1307.7080 [hep-th].
[23] O. Hohm and B. Zwiebach, JHEP 05, 126 (2012),
arXiv:1112.5296 [hep-th].
[24] L. Freidel, F. J. Rudolph, and D. Svo-
boda, Commun. Math. Phys. 372, 119 (2019),
arXiv:1806.05992 [hep-th].
[25] R. Borsato and L. Wulff, to appear.
